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Å Aeroshell responsible for reducing first ~90% of entry velocity

ïProvides protection from hot entry environment

ïAllows for guidance with an offset CG and associated lift

Å Mars 2020 inherited MSLôs spare Heatshield structure (HS1)

ïRequired only installation of PICA tiles and very minor modifications

Aeroshell

4X Thruster Holes

9x Sep Covers

TPS

Vent
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Å Phenolic Impregnated Carbon Ablator (PICA) is used as the Heatshield thermal 

protection material

ï Fabricated by infusing phenolic resin into a FiberForm carbon fiber matrix

Å Discoloration found when machining flight PICA tiles from billets

ï Passed all mechanical lot acceptance testing, but discoloration not well understood

ï Discoloration typical for edges of billets, but unusual for it to extend deep into the billet 

where material is used for tiles

PICA Discoloration

MSL M2020 Flight Tile
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Å Inspection and Initial Testing

ï Tension testing

ïDensity

ï Thermal conductivity

ï X-rays

ï Permeability

Å Test data was all in spec and in 

family

ïDifferences only noticed 

visually and in x-rays/CT 

scans

Å Darker PICA has a different 

morphology

ïResin is ñclumpyò and does 

not fully coat carbon fibers

PICA Discoloration
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Å Arc jet testing is the most flight-like test method for TPS

Å Photo below shows typical run of Ames Interaction Heating Facility

ï 60 MW heater used to heat flow that is then exhausted through a nozzle, 

simulating hypersonic flow with flight-like heating conditions

PICA Discoloration
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Å Comparison of arc jet results for light and dark PICA

ïMeasured recession, back face temperature, mass loss

ï Results were in family and any differences were typical for differences 

between test articles

PICA Discoloration
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ÅNo measured changes in behavior Ą Discolored PICA tiles 

approved for flight

ïNote that PICA installation happens afterstatic testingé

PICA Discoloration
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Å Backshell and Heatshield to 

be statically loaded to 

>120,000 lbf

ïEquivalent to 14 gôs 

deceleration on the entry 

vehicle

ïHeatshield loaded by 

pressurizing an airbag

Å Primarily a test for the 

Backshell

ïBackshell had lowest 

margins

ïHeatshield saw ~100k lbf 

during MSL

Aeroshell Static Test
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Å Audibles during test

ïSmall pops were heard at low load ĄAttributed to airbag slipping

ïLoud bang heard at 100k lbsĄAttributed to slipping in the 

separation mechanisms

Aeroshell Static Test
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ÅCircumferential fracture in the outer mold line facesheet

Static Test Failure
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Å Underwent significant test campaign to find a failure cause

Å Inspections

ï X-rays

ï Flash IR Thermography

ïCT Scans

ï Tap testing

ï Dimensional inspection

Å Coupon Testing

ï Edgewise compression Testing

ïGlass transition temperature measurement by DMA/DSC

ïCT Scans

ï Facesheet porosity measurement by acid digestion and microscopic 

inspection

Å And moreé

Static Test Failure
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ÅMaterial testing

ïIncluded cutouts of HS1 material as well as witness coupons 

and new coupons

Static Test Failure
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Micro-Cracks and Porosity in HS#1 OML Face Sheet

Micro-cracks Porosity


